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Abstract: Climate change and obesity were considered threats to our planet long before the onset of
COVID-19. The recent pandemic has enhanced the global burden of both pre-existing crises. The aim
of this narrative review is to explore the interaction between the three concurrent crises and the future
of our planet should they not be dealt with accordingly. A PubMed and Google Scholar literature
search was performed using different combinations of search strategies and using the keywords
“obesity”, “climate/temperature change”, “cold/hot temperatures”, and “COVID-19”. High global
greenhouse gas (GHG) emissions link obesity and climate change as a result of the interplay between
biological and behavioural factors. COVID-19 mitigation measures have indirectly impacted obesity
and GHG emissions through the shift in dietary habits, restricted mobility, the impact on healthcare
services, and enhanced psychological stress. Furthermore, COVID-19 has a more detrimental effect if
acquired by an obese individual, with a higher chance of hospitalization and mechanical ventilation.
This leads to higher GHG emissions and negative repercussions on the climate. A tri-directional
relationship exists between obesity, climate change, and COVID-19. Various factors contribute to this
relationship, but unless urgent global integrated action plans are implemented that target all three
calamities, and not just COVID-19, a devastating and unsustainable future may ensue.
Keywords: obesity; climate change; coronavirus; COVID-19; epidemics
1. Introduction
The 21st century has been challenged by two global issues: climate change and obesity.
Obesity has long been considered a global pandemic; however, climate change may also
be considered a pandemic due to its extensive effects on the health of the human race and
the ecosystems we rely on, pertaining to global health [1]. Climate change, however, is not
referred to as a pandemic within this paper in order to stick more closely to the classical
definitions of ‘epidemic’ and ‘pandemic’ found within the Fourth Edition of A Dictionary of
Epidemiology [2].
The effects of climate change were first reported in the late 1950s, as the mean temper-
ature started to rise gradually [3]. This change led to several detrimental effects including
desertification, soil degradation, agricultural productivity loss, and others [4]. One of
the major contributing factors to climate change is the rising level of GHG emissions, the
byproducts of fossil fuel usage [5].
Obesity has been a global crisis for decades, with the World Health Organization
declaring it an epidemic in 1997 [6]. Since then, obesity has been a leading health challenge
across all continents [7]. Indeed, recently, in March 2021, the European Commission addi-
tionally defined obesity as being a chronic disease with potential negative consequences [8].
It has been projected that by the year 2050 the prevalence of obesity will increase, with 18%
of men and 21% of women becoming obese worldwide [9]. The link between obesity and
climate change is attributed to several factors. Greater metabolic demands, increased food
intake, and greater transportation needs are all factors associated with obesity. They are
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linked to an approximate 20% increase in GHG emissions when compared with normal
weight status [10].
It is estimated that the current global burden of obesity causes an excess of around
700 megatons of carbon dioxide-equivalent emissions every year. This equates to circa 1.6%
of all global emissions [11]. Replacing physical activity with fossil-fuel-powered modes
of transportation as well as sedentary leisure activities is associated with an increased
risk of obesity as well as an increased risk of damage to the environment [12]. Increased
consumption of processed, energy-dense food further compounds this issue [12]. Recent
research argues that obesity is both a result of and a complication of climate change.
Excessive consumption of meat and products that are animal-sourced precipitates issues in
terms of the incidence of obesity as well as environmental issues, as it is known that pastoral
farming is the main contributor to high GHG emissions in the agricultural sector [13].
The year 2020 saw another major epidemic challenge the world, as the novel coro-
navirus, SARS-CoV-2, emerged. Governments around the world instituted several pre-
ventive measures to contain viral spread. These included lockdowns, closure of schools
and the halting of leisure activities, among others [14]. Although this period led to a
global reduction in transportation and hence theoretically reduced GHG emissions, climate
change was still predicted to have been exacerbated through increased food consumption,
change in the type of food consumed, and increased sedentary periods [15–17]. However,
considering that both climate change and the COVID-19 pandemic are still fluid issues, the
true impact of both of these global challenges and their interactions is still unknown.
Therefore, it is anticipated that the world is not facing three separate crises (climate
change, obesity, and COVID-19) but rather three interconnected issues of great calamity.
The aim of this narrative review is to explore the various interactions between these three
concerning concurrent, global issues and the inauspicious future that will befall our planet
unless urgent action is taken.
2. Materials and Methods
Climate change is the slow and long-term shift of meteorological variables or parame-
ters resulting in temperature changes [18]. For the purposes of this review, extreme types of
weather have been considered to reflect our planet’s future predicament should no urgent
action be taken.
A literature search though PubMed and Google Scholar was conducted using the fol-
lowing keyword strategies: “obesity” AND “climate change” AND/OR “COVID-19”; “obe-
sity” AND “temperature change” AND/OR “COVID-19”; “obesity” AND “temperature
rise” AND/OR “COVID-19”; “obesity” AND “hot temperature” AND/OR “COVID-19”;
“obesity” AND “extreme temperature” AND/OR “COVID-19”; “obesity” AND “low tem-
perature” AND/OR “COVID-19”; “obesity” AND “cold temperature” AND/OR “COVID-
19”; “obesity” AND “extreme cold” AND/OR “COVID-19”.
Only articles with abstracts that fit the aim of this review were considered. Also, only
articles published in English were included. Citations within the literature that fell within
this study’s aim and objectives were also explored.
3. Results and Discussion
Climate change has resulted in the occurrence of extreme types of weather. Both
climate change and extreme weather have direct and indirect effects on the development
of obesity.
3.1. High Temperatures and Obesity
A rise in temperature has been associated with a negative impact on agricultural pro-
duction, resulting in scarce fresh produce. A healthy diet revolves around the availability
of fresh fruit and vegetables. A scarce supply of this fresh produce will inevitably lead to
an increase in selling price and thus, food insecurity [9]. A dietary shift to less expensive
processed and imported foods is more likely to occur, along with increased production of
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processed food. GHG emission levels will consequently rise as carbon-intensive production
from industries increases as well as food transportation, retail processing, and storage
demands [19]. Processed food is known to be energy-dense with high levels of salt, sugars,
and fat [20–24]. Regular consumption of such food can lead to the development of a
number of non-communicable diseases including obesity [25,26]. Of note, the occurrence of
non-communicable diseases increases the burden on healthcare systems as well as hospital-
izations [27,28]. It was noted that individuals with non-communicable diseases contributed
to a quarter of emergency admissions in the UK. Consequently, this results in higher GHG
emissions by the hospital infrastructure [28,29]. In 2016, the global carbon footprint of
healthcare was estimated at 4–6% of all emissions [30]. In fact, hospitals and laboratories
were found to emit 4.4% of the world’s GHGs and were found to be responsible for more
than five million tons of waste each year [31].
Furthermore, as an individual’s body weight increases, a higher metabolism and
greater energy cost for moving is required [32]. This results in enhanced daily energy
expenditure and gives rise to higher food consumption, which further increases food pro-
duction and, consequently, GHG emissions [10,33–35]. In addition, obesity also increases
GHG emissions related to transportation. Transportation of heavier cargo results in in-
creased use of cargo fuel [36]. Thus, transportation of heavier passengers is thought to
increase GHG emissions [37]. Indeed, when investigating the global impact of obesity on
GHG emissions, Magkos et al. estimated that obesity is associated with an approximate 20%
increase in GHG emissions, compared with those emitted with a normal-weight state. This
is equivalent to approximately 49 megatons per year CO2eq due to increased metabolic
demands, 361 megatons per year CO2eq from food production due to increased intake,
and 290 megatons per year CO2eq from transportation due to increased weight, or 1.6% of
global GHG emissions per year [10]. Thus, climate change may be said to be exacerbated
by obesity.
High temperatures also affect the level of physical activity performed by individuals.
Physical activity includes both recreational activity and physical transportation, e.g., walk-
ing for errands. A lack of both types of physical activity leads to a sedentary lifestyle, with
increased fuel-powered transportation resulting in enhanced GHG emissions and a higher
risk of obesity [19].
3.2. Low Temperatures and Obesity
Climate change is mostly associated with a gradual increase in temperature; however,
recent anomalous activity occurring in the pan-Arctic regions included low temperature
spells and harsher winters over certain regions, especially in the United States (US) [38,39].
Cold temperatures have a physiological impact on the human body as they induce appetite
in order to generate and conserve body heat [40]. Cold conditions are likely to reduce
physical activity as individuals delay exercising if it is perceived to be too cold [41]. Cold
temperatures also deter individuals from going outdoors, resulting in more time spent
indoors, thus increasing the opportunity for snacking and sedentary behaviour [42,43].
This predisposes to an increase in adipose tissue with the risk of developing obesity [44]. In-
creased food production and transportation use consequently occur. This leads to increased
GHG emissions and has a direct effect on climate change [19]. Extreme cold temperatures
might also have negative implications for agriculture and fresh food production, which
enhances the effects of climate change. Therefore, the susceptibility to obesity is present at
both extreme temperatures, with the main driving factors being lifestyle habits. However,
behavioural attitudes are further enhanced by climate change.
3.3. COVID-19, Obesity, and Climate Change
3.3.1. Indirect Effects of COVID-19 on Obesity and Climate Change
The novel coronavirus (SARS-CoV-2) caused the global spread of COVID-19 infection,
resulting in a pandemic. This led governments across the globe to institute several restric-
tions to curb the spread of the virus. Lockdowns, closure of schools, social isolation, and
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postponing routine activities as well as suspending elective healthcare services were some
of the restrictions put in place [14]. Although these measures resulted in positive outcomes
in terms of controlling the community spread of the virus and redistributing hospital
resources to COVID-19 in-patient care, they had detrimental effects on the wellbeing of
populations and routine healthcare services [45–47]. The predisposition to obesity increased
as a result of these measures [48,49]. In addition, the world came to a forced stop during
the COVID-19 pandemic, due to mitigation measures put in place by governments to curb
the spread of the SARS-CoV-2 virus [50]. Inadvertently, global CO2 emissions decreased by
2300 megatons during 2020, a 6.4% decrease compared with the CO2 emissions released
during 2019 [51]. Despite this, the drop in CO2 emissions was only transient, as GHG
emission levels were observed to rise quickly, especially once restrictions were lifted [52].
A contributing factor may be the fact that the COVID-19 pandemic brought about an un-
precedented increase in medically hazardous waste, which has to be incinerated, increasing
the amount of GHGs emitted [53].
Lockdowns led to panic buying of long shelf-life food items, which are typically
energy-dense and high in preservatives, salt, sugars, and fat [54]. The consumption of these
items is known to predispose to obesity [26]. Stockpiling fresh produce resulted in the
depletion of perishable, healthy food such as fruits, vegetables, and meat [54]. A shift to
grocery shopping that favoured the consumption of preserved food was observed [55,56].
COVID-19 has also led to a high redundancy rate, imposing financial difficulties on the
affected families [57,58]. Such families are more likely to opt for an ultra-processed diet
since this type of food tends to be much cheaper than what is considered ‘healthy food’ [59].
This was especially relevant at the time of writing since COVID-19 has decreased the
availability of fresh dietary food [60].
It needs to be pointed out that the occurrence of a pandemic along with the various
mitigation measures that were instituted also imposed psychological stress on individ-
uals [61]. It is known that during stressful situations, there is a physiological release of
glucocorticoids, which are linked to increased consumption of food, especially high-energy
food [62]. Therefore, mitigation measures have placed a higher demand on the food indus-
try, which is known to emit copious amounts of GHGs. Lockdowns can therefore be said
to have exacerbated climate change.
Climate change itself has various effects on mental health. These include high rates of
negative emotions such as guilt, demoralization, and anxiety as well as other psychiatric
disorders [63]. The impacts of climate change on mental health may be direct or indirect.
An example of a direct impact is heat stress as this may cause a deterioration in cognitive
function. Indirect effects include economic loss, the thought of threats to health and
wellbeing, and alienation from a degraded environment. All these may have an indirect
negative impact on mental health [64]. The release of glucocorticoids as a result of the
abovementioned stressors increases appetite and may therefore, if sustained, predispose
individuals to the possibility of becoming obese [62].
Childhood obesity gained momentum in the pre-COVID-19 era due to increased
sedentary lifestyle and high-calorie food consumption [65]. With the abrupt closure of
schools due to COVID-19, children were forced to stay at home. This led to longer screen
time, a sedentary lifestyle, the possibility of increased snacking, and a greater intake of
processed food [66]. A similar experience was encountered by adults who shifted to remote
working. Lockdowns may also have had a negative psychological impact as the isolation
imposed on the population (children and adults alike) is known to predispose to snacking
and erratic, unhealthy dietary patterns [67,68]. Such habits are associated with increased
caloric intake and, therefore, an increased risk of obesity. Furthermore, the closure of
gyms and recreational areas and the halting of organized sports decreased accessibility to
physical activity, making it difficult for individuals to maintain an active lifestyle [61]. It
is thus anticipated that the obesity epidemic will soar across populations unless urgent
action is taken. This will also impact the climate change crisis.
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Most healthcare services were cancelled or suspended during lockdowns, including
obesity management and scheduled bariatric surgeries. This could lead to further disease
progression and worsening of associated complications [69]. Delaying both management
plans and screening for complications is more likely to result in hospitalization at a later
stage with a worse outcome and an increased burden on healthcare systems. Placing an
added burden on both healthcare systems and infrastructures is known to be linked with
increased GHG emissions which aggravate climate change.
The rapid spread of COVID-19 burdened healthcare systems globally as the limited
understanding of this novel virus meant that effective measures could not be put into place
immediately. The sudden outbreak put a strain on global supplies of manpower and raw
materials. The environmental impacts of the pandemic are yet to be fully understood [70].
Although uncertainty regarding the effects of COVID-19 on the natural environment is still
prevalent, should the struggle against the pandemic lead to a persistent global recession,
the adoption of clean technology will be threatened. This may outweigh any temporary
environmental benefits that may have occurred as a result of the pandemic itself. Policy
response will determine whether this occurs [71].
Although the pandemic may be said to have wreaked havoc on a global scale, a few
of the new habits adopted by societies around the world may also have helped to curb
climate change and obesity, even if only temporarily. For instance, the option of working
from home could significantly decrease the need for transportation, resulting in less GHG
emissions [72]. It would also decrease the need for new buildings such as offices, the
construction of which would otherwise increase GHG emissions [73]. Remote working
would also decrease the amount of traffic around cities, resulting in less pollution and less
respiratory disease exacerbations [74]. Working from home would also result in increased
self-leadership and autonomy, which would allow people to have more time for leisure
activities, which could translate into physical activity [75].
3.3.2. Direct Effects of COVID-19 on Obesity and Climate Change
COVID-19 is characterized by pathological acute systemic inflammation with high
levels of circulatory proinflammatory cytokines [76]. The pathophysiology of obesity
is characterized by a low-grade systemic inflammatory reaction [77]. Hence, if obese
individuals acquire COVID-19 infection, there is a higher chance of developing a cytokine
storm with an escalated systemic inflammation, which could affect multiple organs [78].
This could potentially be fatal [78]. Indeed, a proportion of the obese population that
acquired COVID-19 required hospitalization and mechanical ventilation [79,80]. As already
discussed, the increased usage of hospital resources leads to increased GHG emissions.
Of note, extreme cold temperatures, which can be a repercussion of climate change,
as discussed above, have been reported to be associated with high rates of SARS-CoV-2
transmission within populations [81]. It is thus anticipated that the obese population
is more susceptible to such an infection. This will further aggravate the triple global
crisis outcome [81]. Figure 1 provides a summary of both the direct and indirect inter-
relationships between the three global crises.
3.4. Implications for Policy
During these unprecedented times, the two long-standing epidemics (obesity and
climate change) should remain a priority in the eyes of policy makers and public health
officials. Surveillance for COVID-19 should be carried out simultaneously. Safeguarding
the population from COVID-19 infection through timely mitigation measures while en-
couraging COVID-19 vaccination should continue to be high up on the agenda along with
strategies targeting the high-carbon, obesogenic environment, behaviours, and attitudes.
Active transport, such as walking or using a bicycle, should be encouraged. This would
increase physical activity and reduce GHG emissions related to transport. Such active
transport can also help to potentially reduce COVID-19 transmission through transporta-
tion modalities. It must be noted that if mask wearing were to be mandated during such
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activities, it may restrict some individuals from adopting such transportation means, in
which case, other forms of physical activity should be encouraged. Indeed, lists of home-
based exercises have been made available by the World Health Organization, as well as by
other associations, to encourage the population to remain physically active even during
restrictions and lockdowns.
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A shift to a healthy (fresh and more plant-based) diet should be encouraged, although
this calls for different stakeholders to work together to ensure adequate supply and afford-
ability even during precarious periods such as lockdowns. Such dietary availability would
hopefully encourage the population to consume less processed food. This could have a
tri-factorial benefit regarding the worldwide crises. Over time, this dietary attitude could
decrease GHG emissions originating from the food industry and improve body weight.
Consequently, should COVID-19 be acquired, a less severe form of COVID-19 infection
would be expected. It is important to note that although population knowledge and educa-
tion are a necessity, it is not always sufficient to simply influence behaviour. Therefore, it
is recommended that incentives for leading a healthier lifestyle be implemented. These
include subsidizing fresh products and home equipment that would encourage physical
activity, among others.
Considering the psychological impact that COVID-19 has had on the population, it is
highly recommended that psychological aid should be readily available and accessible to
everyone. Such aid will also have an indirect positive effect on obesity and climate change.
Policy makers must also consider the effect that climate change may have on the
patterns of pathogens such as COVID-19. If pathogens follow the patterns predicted
for other epidemics, it would be logical to expect that some diseases could adapt to
the changing environmental conditions brought about by climate change and may thus
potentially increase in prevalence. Others, however, may suffer negative repercussions
leading to a decreased viral spread and even local extinctions [82].
COVID-19 has provided crucial insight into what could be done to tackle the climate
crisis. Governments around the world should keep the climate healthy by reducing the use
of GHG-emitting means of transport and invest in innovative solutions to manage medical
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waste [83]. Indeed, the COVID-19 pandemic has presented world leaders and policy makers
with the opportunity to think more strategically. For instance, the COVID-19 pandemic
has highlighted issues with global efficiency and equality, which has resulted in many
countries restructuring their healthcare facilities. These issues include obesity management,
prevention, and screening. In the process, governments can look for innovative ways to
decrease waste and emissions [84]. COVID-19 as a global crisis has also reminded humanity
to care for the increasingly interdependent and environmentally challenged world that we
live in [85].
Governments at all levels may thus take this opportunity to plot a greener, more
equitable, and more sustainable course for our future. This can be done by investing in
strategies that minimize the risks that arise as a result of climate change as well as the
COVID-19 pandemic. Obligations to drastically reduce emissions should be promoted
worldwide, in order to achieve sustainable development goals and leave a safe planet for
future generations [85].
4. Conclusions
Obesity and climate change have challenged the globe for decades. COVID-19 has
imposed an additional stress on our planet as a result of its direct and indirect effects on
both pre-existing issues. Indeed, if the COVID-19 virus follows the patterns predicted for
other pathogens, it may adapt to the changing environmental conditions and may thus
increase in incidence and prevalence. On the other hand, the virus may be unable to adapt
to the environmental challenges resulting from climate change. This may lead to a decrease
in viral spread or even local extinctions of the virus [82]. The challenge of determining
which outcome will apply to COVID-19 lies with modern-day researchers, driving those
who endeavour to obtain answers “to strive, to seek to find and not to yield” (Ulysses, Alfred
Lord Tennyson).
Policy makers may not yet fully comprehend that the obesity epidemic is a population-
wide response to the immense reduction in physical activity as well as the changes in food
supply of different countries over the last few decades. These changes are socioeconomi-
cally driven, and the health sector will end up shouldering the consequences. Timely action
plans to target all three global crises are therefore a must.
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